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(54) CERAMIC STRUCTURE 

(57) As a ceramic structural body improving mate- 
rial properties of a sealing member such as adhesion 
properties at room temperature and high tenperature 
and the like and having an improved durability, there is 
proposed a ceramic structural body comprising an 
assemt>ly of plural united ceramic members 2. 3 each 
having a plurality of through-holes arranged side by side 
along a longitudinal direction, in which end faces at 
either side of these through-holes are closed in a check- 
ered pattern so as to have a reverse relation of open 
and close between gas inlet side and gas outlet side 
and adjacent through-holes are permeable to each 
other through porous partition wails, characterized in 
that a plurality of the ceramic members 2. 3 are inte- 
grally adhered by interposing a sealing member 4 of an 
elastic material consisting of at least inorganic f toers, an 
inorganic binder, an organic binder and inorganic parti- 
cles and mutually bonded three-dimensionally inter- 
sected organic fibers and inorganic particles through 
the inorganic binder and organic binder between the 
mutual ceramic members. 
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Particularly, in order to form a large-size divided ceramic structural body, a larger restraint force is required, the 
combination of the conventional non-adhesion sealing member and thermally expansive heat insulator cannot deal with 
from the beginning, so that there is not obtained the structural body withstanding to practical use. 

Under the above circumstances, the inventors have previously proposed "EXHAUST OAS PURIFYING APPARA- 
5 TUS AND STRUCTURAL BODY THEREOF" with the use of a sealing member consisting of ceramic fber, silicon car- 
bide powder and inorganic binder by improving the sealing member constituting the divided ceramic structural body as 
means for overcoming the problems inherent to the above conventional technique (see Japanese Patent Application 
No. 5-204242). 

According to this proposal, a plurality of ceramic members are joined to each other through such a sealing member. 
10 so that it is possible to improve the durability of the divided ceramic structural body to a certain extent. 

However, the sealing member tends to easily cause migration (phenomenon of moving a binder with drying and 
removal of a solvent) when it is filled and cured between the mutual ceramic members. Therefore, the seal layer formed 
by curing the sealing member becomes brittle. 

That is. the inorganic binder constituting the above sealing member acts to firmly join the ceramic member to the 
IS seal layer and to join an intersect point of three-dimensionally crossed ceramic fibers as an important element for devel- 
oping stress buffering function of the seal layer. However, the inorganic binder moves from the inside of the seal layer 
to the joint face with the ceramic member through the migration produced in the course of drying and curing, whereby 
the joint force at the iritersect point is decreased, and hence the strength of the ceramic structural body itself is lowered, 
so that the desired durability could not be satisfied. 
20 Furthermore, the silicon carbide powder constituting the sealing member also moves with the above migration to 
bring about the lowering and nonunrformity of thermal conductivity, which results in the lowering of the regeneration effi- 
ciency of the ceramic structural body. 

On the contrary, there is considered a method of improving the durability of the structural body by controlling the 
migration. However, this method takes a long time for drying and curing the sealing member ant undesirably degrades 
25 the productivity 

As mentioned above, the conventional divided ceramic structural body still leaves room for improvement with 
respect to durability and the like as a ceramic structural body. 

The invention is made for solving the above-described various problems inherent to the conventional technique, 
and its main object is to improve the durability of the ceramic structural body. 
30 Another object of the invention is to improve material properties such as adhesion properties of a sealing member 
at room temperature and high temperature and the like. 

The other object of the invention is to improve the adhesion property and thermal conductivity of the sealing mem- 
ber at room temperature and high terrperature while maintaining elasticity and heat resistance to thereby simultane- 
ously improve both durability and regeneration efficiency of the divided ceramic structural body. 

36 

DISCLOSURE OF THE INVENTION 

The inventors have made further studies to realize the above objects. As a result, the inventors have fourxi an 
invention having the construction mentioned below. 

40 That is, the invention lies in a ceramic structural body comprising an assembly of plural united ceramic members 
each having a plurality of through-holes arranged side by side along a longitudinal direction, in which end feces at either 
side of these through-holes are closed in a checkered pattern so as to have a reverse relation of open arxj dose 
between gas inlet side and gas outlet side arxJ adjacent through-holes are permeable to each other through porous par- 
tition walls, characterized in that a plurality of the ceramic members are integrally adhered by interposing a sealing 

46 member of an elastic material consisting of at least inorganic fibers, an inorganic binder, an organic binder and inor- 
ganic particles and mutually bonded three-dimensionally intersected organic fibers and inorganic particles through the 
inorganic binder and orgarac binder between the mutual ceramic members. 

The sealing member is desirable to be an elastic material formed by using ceramic ifber as the inorganic fiber, using 
colloidal sol as the inorganic binder, using polysaccharide as the organic binder, and using at lease one inorganic pow- 

60 der or whisker selected from carbides and nitrides as the inorganic particle, and mixing them each other. Particularly, 
the sealing member is desirable to be an elastic material formed by using at least one ceramic fiber selected from silica- 
alumina, muliite, alumina and silica as the inorganic fber. using at least one colloidal sol selected from silica sol and 
alumina soi as the inorganic binder, using at least one polysaccharide selected from polyvinyl alcohol, methyl cellulose, 
ethyl cellulose and cark>oxymethyl cellulose as the organic binder and using at least one inorganic powder or whisker 

55 selected from silicon carbkle, silicon nitride and boron nitride as the inorganic particle. More particularly, it Is desirable 
to be an elastic material consisting of silica-alumina ceramic fiber, silica sol. cart^xymethyt cellulose and silicon carbide 
powder. 

Concretely, the above sealing memt^er is favorable to have the following composition. 
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inorganic binder can hold the adhesion strength even at the low temperature region through drying and heating. 

Therefore, the ceramic structural body having excellent adhesion strengths at low temperature region and high 
temperature region can be formed by a synergistic action of the organic binder with the above effect of entangling the 
ceramic fibers such as silica-alumina with the inorganic binder such as silica sol. 

5 A third point lies in that the inorganic particles are existent on the surface of the inorganic fiber and the surface of 

the inorganic binder or the inside thereof to Improve the thermal conductivity of the ceramic structural body. 

Particularly, inorganic particle such as nitride and carbide can considerably improve the thermal conductivity owing 
to a high thermal conductivity property inherent to the nitride and carbide. 

Therefore, the sealing member containing the inorganic particles is excellent in the thermal conductivity and can 

10 effectively prevent the breakage of the ceramic structural body without causing temperature peak phenomenon at the 
regeneration while filling gaps produced In the combination of plural ceramic members when the sealing member is 
used, for example, as a filter for an exhaust gas purifying apparatus. Moreover, the occurrence of cracks by heat cycle 
can be reduced, and the edge portion of the outer periphery of the f ifter can be heated in a relatively short time to 
inrprove the regeneration efficiency. 

IS The ceramic structural body according to the invention will be described in detail as follows. 

When the ceramic structural body is used as a filter for an exhaust gas purifying apparatus, the sealing member 
constituting the structural body is necessary to have elasticity, thermal conductivity, joining property, strength and the 
like in addition to heat resistance. When the elasticity is excellent, even if thermal stress is applied to the filter by heat- 
ing, this thermal stress can surely be liberated. Further, when the thermal conductivity is excellent, heat of a heating 

20 element is immediately and evenly conducted to the whole of the structural body, and the temperature difference in the 
exhaust gas purifying apparatus is minimized, f^oreover. when the joining property and strength are excellent, the 
adhesion property between the adjacent united ceramic members becomes excellent, and the durability of the ceramic 
structural body rtself becomes excellent. 

The invention lies in that the construction of the sealing member exhibiting the above properties is an elastic struc- 

25 tural body formed by using the inorganic fibers, inorganic binder, organic binder and inorganic particles and mutually 
bonding the three-dlmensfonally intersected inorganic fibers and Inorganic particles through the inorganic binder and 
organic binder. 

As the inorganic fiber, there are silica-alumina ceramic fiber, mullite fiber, alumina fiber and silica fiber. Particularly, 
the silica-alumina ceramic fiber is desirak)le because it Is excellent in the elasticity and shows a function of absortxng 
30 thermal stress. 

As the inorganic binder, colloidal sol is desirable, which includes, for example, alumina sol and silica sol. Particu- 
larly, silica sol is desirable, which acts as an adhesive (inorganic binder). This silica sol is easily available and suitable 
as an adhesive at high tennperature region because it is easily changed into Si02 by firing, and is excellent in the insu- 
lating property. 

35 As the organic binder, a hydrophtlic organic high polymer is desirat^le. and particularly polysaccharide Is more pref- 
erable. Concretely, there are polyvinyl alcohol, methyl cellulose, ethyl cellulose. cartx>xymethyl cellulose and the like. 
Among them, carboxymethyl cellulose is particularly desirable because it secures the fluidity at the time of assembling 
(contributes to improvement of workability) and shows an excellent adhesion property at room temperature region. 
As the inorganic particle, inorganfo particles of carbide and/or nitride are desiral^le. such as silicon carbide, silicon 

40 nitride and boron nitride. These carbide and nitride are very large in the thermal conductivity and contribute to the 
improvement of the thermal conductivity by existing on the surface of ceramic fiber and the surface and inside of colloi- 
dal sol. For example, the thermal conductivity of silicon carbide is 0. 1 9 cal/cm • sec • °C. and the thermal conductivity of 
boron nitride is 0.136 cal/cm • sec • '^C. while the thermal conductivity of alumina is about 0.08 cal/cm • sec • ''C. so that 
it is understood that the carbide and nitrkie are particularly effective for improving the thermal conductivity. 

45 /Vmong the inorganic particles of these carbide and nitride, silicon carbide is particularly optimum in view of the 
thermal conductivity. Boron nitride is lower than silicon carbide in the affinity with ceramic fiber. That is, silicon carbide 
possesses all of adhesion property, heat resistance, water resistance and thermal conductivity. 

An embodiment of using the ceramic structural body according to the invention in a filter for an exhaust gas purify- 
ing apparatus attached to a diesel engine will k^e described in detail with reference to Figs. 1-5 below. 

so Fig. 1 shows a filter 1 for an exhaust gas purifying apparatus using the ceramic structural body according to tine 
invention, and Fig. 2 is a partially enlarged section view of the filter. In these figures, the filter 1 for the exhaust gas puri- 
fying apparatus is constructed by integrally adhering eight prismatic ceramic members 2 and four ceramic members 3 
of a right angle equilaterally triangle in section through sealing members 4 (1 .5-3.0 mm in thickness) of an elastic mate- 
nal Interposed between the mutual members. 

55 Figs. 3-5 show tiie ceramic member 2 constituting a part of the filter for the exhaust gas purifying apparatus. In 
these figures, through-holes 2a of an approximately square shape in section are regularly pierced in the ceramic mem- 
ber 2 of a prismatic shape (33 mm x 33 mm x 150 mm) along its axial direction. These through-holes 2a are separated 
from each other with porous partition walls 2b of 0.3 mm m thickness. Either one end of exhaust gas inlet side and outiet 
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Moreover, the above sealing member caused migration at the time of drying and curing. 

The evaluation of performances with respect to the filters 1 prepared in Examples 1-3 and Comparative Example 
was carried out by the following method. 

5 [Measurement of adhesion strength at initial stage and after heat cycle] 

As shown in Fig. 6, a test piece corresponding to three ceramic members was cut from the filter 1 and a load was 
applied to a central ceramic member to measure a load causing the peeling. Moreover, since quick heating and quench- 
ing from room temperature to 900**C were anticipated in actual use, the test piece was subjected to a heat cyde test of 
10 room temperature - 900**C. 

Table 1 shows results measured on the adhesion strength at an initial stage and after heat cycle (after 100 cycles) 
between the mutual ceramic members 2, 3 constituting the filter 1 . Moreover, the reason why the strength after heat 
cycle is improved is assumed due to the sintering action of silica by heating at 900*'C. 

15 

Table 1 





Adhesion strength at ini- 
tial stage 


Adhesion strength after 
heat cycle 


Example 1 


4.6 kg/cm^ 


7.6 kg/cm2 


Example 2 


4.5 kg/cm^ 


5.3 kg/cm^ 


Examples 


4.3 kg/cm^ 


5.6 kg/cm^ 


Comparative Example 1 


2.3 kg/cm^ 


0.76 kg/cm^ 



[Measurement of thermal conductivity] 

As shown in Rg. 7. a test piece corresponding to four ceramic members was cut out and covered on its outer 
30 periphery with a heat insulator and placed on a heater 6 to conduct heating for 20 minutes. A temperature difference 
between T1 and T2 was measured. 

Table 2 shows results measured on the temperature difference between T1 and T2 shown in Fig. 7 with respect to 
Examples 1-3 and Comparative Example. 

35 

Table 2 





T1 -T2 temperature differ- 
ence 


Example 1 


55«C 


Example 2 


65^0 


Examples 


70*C 


Comparative Example 


180-C 



As seen from the alx>ve results, the filter using the ceramic structural body according to the invention has consid- 
erably high adhesion strength even at both high temperature and room temperature, and is excellent in the heat cycle 
property, so that it was confirmed tfiat the durability as a filter is excellent. 
so And also, this ceramic structural body is excellent in the thermal conductivity, so that the occurrence of peak tem- 
perature in the ceramic member located inside the filter can be reduced and also the temperature rising time of the 
ceramic structural body located at the edge portion can be shortened and hence the improvement of the regeneration 
effKiency can simultaneously be realized. 

Moreover, the construction of the filter 1 applying the ceramic structural body according to the invention Is not Itm- 
55 ited to those described in the atx)ve examples, and can be changed to the following construction. For example, 

(a) The number of combined ceramic members is not necessarily 12 as in the examples, but any optional number 
is possible. In this case, it is naturally possible to properly combine ceramic members having different sizes, forms 
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powder as a solid content. 

9. A ceramic structural body according to daim 7. wherein the silica-alumina ceramic fiber has a shot content of 1 -1 0 
wt% and a fiber length of 1-100 mm. 

5 

10. A ceramic structural body according to claim 7. wherein the silicon carbide powder has a particle size of 0.01-100 
^im. 

10 
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Fig. 2 
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